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Abstract 
The objective of this work is to study the transport of electrical charges in a solar cell based on 
InGaN. By varying the alloy composition, InGaN can reach all values of bandgap between  3.42eV and 
0.7eV, which covers almost the entire solar spectrum. At present most of the studies of InGaN 
photovoltaics are conducted on hetero structures. The aim of this study is therefore to better 
understand the influence of each parameter of the solar cell for an improved optimization of 
performance. The yield obtained for a reference cell is 16.62 % for optimal values of doping of the 
layers. For other parameters, such as generation and recombination, performance of the cell varies 
monotonically with these settings. It has been shown that solar cells based on InGaN have a very 
low diffusion length due to the dislocation density, with a carrier lifetime around 9.909 ns. . However, the 
minority carrier transport is reinforced because of the bias field in the material. In addition, as the III-
nitrides have a high absorption coefficient, very thin layers of material are sufficient to absorb most of the 
light.  
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1.Introduction 
 
          Semiconductors of the type III-N are of growing interest in the scientific world. This is 
justified by the fact that III-N semiconductors are robust, having a high thermal conductivity and a 
high melting point, and, moreover, a direct forbidden band gap. They currently represent ideal 
materials for the development of light emitting diodes (LEDs) operating in the green-blue and UV 
ranges of the electromagnetic spectrum. Among these semiconductors, we find mainly aluminum 
nitride (AlN), gallium nitride (GaN) and indium nitride (InN), respectively with a gap of 6.2eV, 
3.4eV and 0.7eV [1].  The energy of the band gap of the ternary or quaternary can be adjusted from 
infrared to ultraviolet depending on the composition. The direct gap adjustable over a wide 
range makes these materials very useful for photovoltaic applications because of the possibility of 
achieving not only multi-junction solar cells with high efficiency, but also third generation types of 
solar cells such as intermediate band solar cells, based only on the nitride alloys. In order to 
obtain terrestrial photovoltaic efficiencies of over 50% with multijunction solar cells, one of the 
junctions needs to be from a material with a gap above 2.4 eV. In addition to their large bandap 
range, III-Nitrides also exhibit other interesting photovoltaic properties such as low effective 
masses of charge carriers, high mobility, large absorption coefficients, and a high tolerance to 
radiation. The technology of III-V nitrides has demonstrated its ability to grow crystal structures of 
high quality and manufacture optoelectronic devices, which confirms its potential for high efficiency 
photovoltaics. [2]. 
 
 
 
2. Properties of InGaN used in the simulation 
 
     The aim of this paper is to study the phenomenon of transport of electrical charges in a solar cell based 
on InGaN as a necessary path to understanding the behaviour of the solar cell. The study was done using 
the simulation software PC1D, which was developed by Basore and Clugston [3], and is freely available 
for public use [4].  
The alloy used for simulation consists of In0.39Ga0.61N, which has a bandgap of 2.0 eV. The cell is chosen 
to be 1mm2 in area. The device is a p-i-n homojunction structure, with the n-layer considered the 
“substrate”. No GaN, and therefore no heterojunctions, are used in the simulations. The InGaN dielectric 
constant was fixed at 9.52, and the intrinsic concentration at 300K was 90.9 cm -3. Values for the 
refractive index and absorption coefficient as a function of wavelength were determined by spectroscopic 
ellipsometry on ~2 eV InGaN thin films and used in the simulations. For carriers mobility the simulator 
offers two choices to the user, the first one is the carrier constant mobility, while the second considers 
mobility through its internal model at 300K. 
• The substrate InGaN is investigated with an N-type doping: 1 1018cm-3,  
• The absorption coefficient as a function of wavelength was also determined by spectroscopic 
ellipsometry, and the extracted values used in the simulation, 
• Base: PC1D accepts values of doping, specified p or n, and then determines the corresponding values of 
resistivity and diffusivity based on the doping and mobility. For the reference cell we use a base doping of  
3.5 1018 cm-3 P-type, and a thickness of 0.1 microns. 
• Emitter: as for the base, we can introduce the values of doping and specify the profile and the type of the 
emitter. In this work a doping value of 2 1018 cm-3 N-type, and a thickness of 0.4 microns is chosen. 
• Other layers: PC1D also offers us the possibility of adding to the cell layers to improve its performance, 
such as a back surface field (BSF) layer. For the purposes of this work, no BSF layers were used. 
• The rate of recombination in volume: The minority carriers lifetime is highly dependent on doping. For 
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high doping levels, such as our cell, it is taken constant and equal to 0.01 microseconds. 
• The surface recombination velocity in our study is set at: Sn = Sp = 0 cm / s. 
• The diffusion length: varies with the doping of the base and the lifetime of the carriers, and is internally 
calculated by PC1D during the simulation. 
 
The simulation parameters of the reference cell are given in  Table 1. 
 
Table 1: Parameters used in the simulation of the InGaN reference cell. 
 
 Doping  
 
thickness 
 
Base  3.5 1018 cm-3 0.1 μm 
Emitter  2 1018 cm-3         0.4 μm 
   
 
                                
 
2.1 Model description  
 
   In this work, calculations were all performed under 1-sun AM1.5 illumination and a temperature of 300 
K using the one diode ideal model, and for convenience, several simplifying assumptions were made, 
including no reflection losses and no surface recombination velocity. 
 
2.1.1. Analytical model 
 
   The total output current drawn from single cells under illumination is given by [6] as: 
 
DarkLightTotal III                (1)                        
dIIII drnPLight )()()(              (2)        
where: 
Ip (  ) is the photocurrent due to holes collected at the depletion edge x j ; 
In (  ) is the photocurrent due to electrons collected at the depletion edge x j + w , 
where x j and w are the junction depth and the width of the depletion region respectively; 
Idr (  ) is the contribution of the depletion region to the photocurrent; 
The dark current can be expressed [7] as: 
1
.
.exp0 Tk
vq
II Dark              (3)                          
where: 
I0 is the saturation current which was calculated following the method described in the ref. [6]; v is the 
applied voltage; k is the Boltzmann constant and T is the temperature. 
The open circuit voltage is given by [6] as: 
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where Isc is the short circuit current. 
The cell output power is given [7] as: 
 
VIP Total                                                                                                                 (5) 
The cell conversion efficiency is usually taken to be: 
inc
mm
P
VI
                       
Where: Im and Vm are coordinates of the maximum power point; Pinc is the total incident solar power. 
The fill factor is defined by [7]: 
ocsc
mm
VI
VI
FF                                                                                                                       (7)                            
 
3. Simulation results  
 
Results are obtained using the file excitation “ One-Sun.exc” with PC1D software.  
 
The characteristic I (V) and the band diagram are represented by Fig. 1 and Fig. 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                          
 
 
 
                                                      
 
 
 
 
                                                                Fig 1: I(V)characteristic of the reference cell   
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                                Fig 2: Energy band diagram for a solar cell based on InGaN 
 
 
The results of the simulation cell references are listed in  Table 2: 
 
Table 2: Characteristics of reference cells for different substrates and different air mass. 
 
 
 efficiency % 
 
FF 
 
 Substrate N, AM0 
Substrate N, AM 1.5 G 
Substrate P, AM0 
Substrate P, AM 1.5 G 
17,17 
16,62 
18,09 
17,54 
 0,834 
  0.8342 
  0,84 
   0.84 
   
 
The variations used for various simulations are shown in Table3: 
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Table 3:Variable parameters during the simulation. 
 
Parameters minimum value maximum value  
 
 Doping of the substrate  
Doping of the emitter  
Doping of the base 
Thickness of base 
Thickness of the emitter 
Thickness of substrate 
 
6 1016 cm-3 
4 1017 cm-3 
4 1017 cm-3    
0.01 μm 
0.01 μm 
0.01 μm 
 
 7 1018 cm-3 
5 1018 cm-3   
5 1018  cm-3 
0.5 μm 
0.6 μm 
0.9 μm 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3: Evolution of the maximum power of the cell as a function of substrate doping for n-substrate p-InGaN. 
As seen in Figure Fig. 3, with an increase in substrate doping, both carriers lifetime mobility degrade 
while the  Shokley-Read-Hall and Auger recombination rates increase. This causes a significant 
decrease in performance for a heavily doped substrate. 
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                Fig 4: Evolution of the maximum power and the short-circuit current with the emitter ; 
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The thickness of the cell is an important design parameter which needs to balance maximum photon 
absorption with maximum carrier collection. Optimizing these two parameters yields an optimum 
thickness of 0.4 microns (Fig 4) and 16.62% cell efficiency.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 5: Variation of minority carrier lifetime and diffusion length with the distance from the surface of the cell  
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The scattering lengths, which in turn relates to the  minority carriers lifetime is also a critical parameter 
in the performance of solar cells. 
 
 
 III-V nitrides show a very low diffusion length due to the high dislocation density in currently available 
materials, especially those relevant to this work where high In% InGaN layers are required. The best 
lifetimes are reported to be ~ 6.5ns [3.4] (in our case the maximum calculated lifetime is 9.909ns and is 
shown in fig 5).  On the positive side, III-nitrides have a high absorption coefficient thus requiring very 
thin layers of material to absorb most of the incoming photons. 
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Fig 6: Variation of the carrier mobility and recombination-generation rates  with the distance from the cell surface. 
 
 
In this work, mobility is calculated using the following equation: 
i
ig
ii
ii
NN
N
)/(1
)(
,
min,max,
min,                                                                                               (8)         
where: 
 
i represents the number of electrons (e) or holes (h), N the doping concentration and min, max, Ng and 
 are parameters specific to the semiconductor. 
 
We find that mobility is constant between 100 nm and 200 nm depth with a value of 37 cm2/Vs which 
then decreases to 26.98 cm2/Vs where it remains constant ( fig 6). 
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Fig 7: Variation of the maximum power with the internal resistance within emitter (a) and base (b). 
 
 
 
The maximum power, as shown in figure 7, decreases  linearly with the internal resistance of either the 
base or emitter.. For a reference cell and using the following values : 2.9 × 10-2  cm2 for 
the p contact resistance and 2.0 × 10-3  cm2 for the n contact resistance (Chen x et al) [5] yields an 
overall cell efficiency of 16.62%. 
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Conclusion: 
  We have shown that solar cells based on InGaN have a very low diffusion length due to the high 
dislocation density in present materials with the highest reported minority carrier lifetime rates of ~ 6.5ns. 
In addition, as the III-nitrides have a high absorption coefficient, very thin layers of material are sufficient 
to absorb most light. Results from this work and those from previous simulations point to the fact that as 
materials issues are resolved and lower dislocation InGaN layers become available, III-V nitrides will 
have become serious candidates in the development of high efficiency photovoltaic devices. 
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